A Polo Match for Plk1  by Leung, Genie C. & Sicheri, Frank
Previews
3
Horstman, A.L., and Kuehn, M.J. (2002). J. Biol. Chem. 277, 32538–biological function in the secretion and delivery of bacte-
32545.rial protein toxins to mammalian cells. This indicates that
Kolling, G.L., and Matthews, K.R. (1999). Appl. Environ. Microbiol.Gram-negative bacteria have a mechanism of vesicle
65, 1843–1848.trafficking that involves transfer of protein cargo from
Pugsley, A.P., Francetic, O., Possot, O.M., Sauvonnet, N., and Har-prokaryotic to eukaryotic cells. The authors demon-
die, K.R. (1997). Gene 192, 13–19.strate that ClyA, a pore-forming toxin of E. coli secreted
Raetz, C.R., and Whitfield, C. (2002). Annu. Rev. Biochem. 71,into the periplasm is packaged into vesicles in a specific
635–700.
fashion, indicating that this is highly likely to be physio-
Wai, S.N., Lindmark, B., Soderblom, T., Westermark, M., Oscarsson,
logic. The bacterial vesicle membranes had specific pro- J., Takade, A., Jass, J., Richter-Dahlfors, A., Mizunoe, Y., and Uhlin,
tein and lipid content characteristic of the outer mem- B.E. (2003). Cell 115, this issue, 25–35.
brane indicating they were formed from the outer
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otic cells resulted in higher toxin activity than toxin puri-
fied from the periplasm. The authors demonstrated that
this was because vesicle ClyA assembled into oligo- A Polo Match for Plk1
mers. Oligomerization was dependent on bypassing the
disulfide bond isomerization oxidation system present
in the periplasm. This leads to the exciting conclusion
that bacteria can sort proteins when forming vesicles. New work by Elia et al. in this issue of Cell reveals the
Therefore, a specific pathway that excludes certain peri- molecular basis of phosphopeptide recognition by the
plasmic proteins, such as those involved in disulfide polo domain and the domain’s dual function to pro-
bond isomerization must exist. mote substrate recognition by targeting the kinase to
The results of Uhlin and colleagues should stimulate subcellular structures and to autoregulate the adja-
research in this area as many questions remain to be cent protein kinase catalytic domain.
answered. Is vesicle formation regulated and are vesi-
cles being formed in vivo on infection of animals? How The eukaryotic polo-like protein kinases (Plks), of which
are proteins and cargo in the periplasm sorted to such there are four mammalian members (denoted Plk1 to
vesicles and what is the role of the oxidation machinery? Plk4) and one member each in Saccharomyces cerevis-
Is the lipid content of the vesicles unique? How essential iae and Schizosaccharomyces pombe (Cdc5 and Plo1,
is vesicle formation to intracellular pathogenesis of respectively) are important regulators of cell cycle pro-
Gram-negative bacteria which largely adapt an intracel- gression. The Plks have been shown to regulate the
lular lifestyle in host tissues? If vesicle formation is oc- transition from G2 to M, centrosome maturation, spindle
curring at the mammalian mucosal surface, is vesicle assembly, promotion of anaphase-promoting complex
formation playing an important role in symbiosis with activity, sister chromatid separation, and cytokinesis (for
animals? The discovery that bacterial vesicles are not reviews see Glover et al., 1998; Nigg, 1998). Reflecting
simply a phenomenon of in vitro growth should result their roles in numerous mitotic processes, the family
in studies that will increase our knowledge of the interac- members show similar subcellular localization to mitotic
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ble that the ease of studying bacteria may also lead to the cleavage furrow. Such subcellular localization is ob-
observations of important principles of protein oxida- served for other players of mitotic regulation including
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have implications for these processes in a wide variety Mps1 family kinases (Nigg, 2001), to name a few.
of organisms. Subcellular localization of the Plks is regulated in large
part by the C-terminal region of the proteins (Lee et al.,
1998; Song et al., 2000). All Plks are characterized by
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dimer interface of the domain suggested a possible site PBD, presumably through an intramolecular interaction
for ligand engagement. between the PBD and the catalytic domain (Jang et al.,
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of the Plk1 polo domain target was resolved. Using an authors show that inhibition of Plk1 kinase activity by
elegant peptide library screen, a fragment of Plk1 en- the PBD can be alleviated by the addition of a high-
compassing its two polo-box motifs and a preceding affinity binding phosphopeptide that matches the polo
sequence of 80–90 amino acids was identified as a phos- domain consensus. This data nicely illustrates the dual
phopeptide binding module. This finding places the polo function of the polo domain, which serves to recruit
domain in the small company of characterized phos- kinase substrates and regulates kinase catalytic activity
phorecognition modules, which includes 14-3-3, FHA, in a coordinated manner. Overall, the work by Elia et al.
SH2, PTB, WW, and WD40 repeat domains (Pawson and (2003b) provides valuable insight into the mechanism
Nash, 2003). Employing a conventional peptide library of kinase regulation for this important family of mitotic
screen with in vitro purified PBD of human Plk1, Elia et kinases and provides a framework for the design of small
al. (2003a) determined the optimal peptide motif to be molecule inhibitors that target cell cycle progression.
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overall conservation of peptide binding residues in polo-
box 1 and polo-box 2 across all Plks with tandem polo-
box motifs suggests that the phosphopeptide binding
mechanism elucidated for Plk1 will be general to all.
Indeed, the authors prove this experimentally for mam- Does It Take Two to Untangle?
malian Plk1, Plk2, and Plk3, Xenopus Plx1, and Cdc5
by peptide library screening. The drastically dissimilar
structure of the Sak polo domain and the absence of all
conserved Plk1 phosphopeptide-coordinating residues
The structural integrity of mitotic chromosomes is es-renders it unlikely that the Sak polo domain is a phos-
sential for proper chromatid segregation. In this issuephopeptide binding module. This leaves the question of
of Cell, Ono et al. (2003) show that vertebrates containthe Sak polo domain target unresolved.
two distinct condensin complexes, both of which areLastly, previous work has shown that the protein ki-
nase activity of Plk1 is inhibited by the presence of the required for normal mitotic chromosome morphology.
